The Schwann cell is responsible for the elaboration and maintenance of the myelin sheath that surrounds large-diameter axons in the PNS. Schwann cell differentiation into a myelin-producing cell depends upon specific axonal signals, on the formation of a basal lamina by the Schwann cell, and on the presence of soluble factors in the extracellular environment (Aguayo et al., 1976; Moya et al., 1980; Bunge and Bunge, 1983) . The role of each of these determinants in the induction of Schwann cell differentiation may be best analyzed in a defined in vitro system in which the effects of hormones, vitamins, and other soluble factors may be examined on pure cultures of Schwann cells in isolation or in combination with basal lamina components and/ or neurons.
The traditional culture of cells in serum-supplemented medium complicates the analysis of the hormonal control of differentiation because of the presence of undefined amounts of hormones and of factors that can attenuate or potentiate hormonal actions. Furthermore, serum selects for the active pro-liferation of fibroblasts, resulting in a reliance upon antimitotic agents to yield cultures devoid of fibroblasts.
An expanding population of pure Schwann cells may be obtained from dissociated cultures of rat sciatic nerve maintained in serum-supplemented medium by a method established by Brockes et al. (1979) , which entails the use of antimitotic agents followed by specific immune-mediated lysis of fibroblasts. We have eliminated serum from the culture medium in order to reduce fibroblast proliferation without the use of antimitotic agents and to provide a more defined environment for studies of Schwann cell function in vitro. Furthermore, since neural cells are never exposed to serum in vivo, except as a consequence of pathology, the elimination of serum may provide a medium that is closer to the normal in situ environment.
Committed Schwann cells in vivo are characterized by the presence of a basal lamina, even in the absence of axons. Isolated Schwann cells do not, however, have a demonstrable basal lamina in vitro unless they are cultured in contact with neurons . Since exogenously supplied basal lamina components have been shown to affect cell differentiation in vitro (Reid and Jefferson, 1984) , we have supplied the Schwann cells with a substrate of basal lamina-like extracellular matrix (ECM) elaborated by cultured bovine aorta endothelial cells (Gospodarowicz et al., 1981) and have assessed their state of differentiation using antisera directed against antigens characteristic of myelinating and nonmyelinating Schwann cells in vivo. A preliminary report of this work has been presented (Needham et al., 1985) .
Materials and Methods

Tissue dissociation
Tissue was dissociated by a modification of the method of Brockes et al. (1979) . Sciatic nerves from 3-d-old Sprague-Dawley rats were excised and pooled in Dulbecco's calcium-and magnesium-free PBS supplemented with 2.5 mg/ml glucose, 6 mg/ml BSA (Pentex), 0.76 mg/ml MaSO,.7H,O. and 50 &ml aentamvcin (PBSA). The nerves were washed a& digested at 37°C Ior 20 &in in b. 1% collagenase (Worthington CLS III) in PBSA followed by further digestion (30 min) in 0.1% trypsin (Worthington TRL3) and 0.005% deoxyribonuclease I (DNase; Worthington D) in PBSA. Then, 0.005% soybean trypsin inhibitor (Worthington SI) and 0.004% DNase in PBSA were added, and the nerves were dissociated by 6 cycles of trituration through 21 and 23 gauge needles. The resulting cell suspension was passed through a 110 pm pore nylon mesh, and centrifuged before resuspension and plating. The yield was about 1.6-2.0 x 10' cells per 20 rats. More than 95% of these cells excluded trypan blue, and approximately 10% were fibroblasts by indirect immunofluorescence criteria.
Cell growth and dose response
Two procedures were used to establish primary cultures for the subsequent analysis of growth in serum-free medium. Procedure I: Pretreatment with antimitotic agents. Dissociated sciatic nerve cells were resuspended in Dulbecco's Modified Eagle's Medium (DMEM) containing 10% fetal bovine serum (FBS) and 1 x 10e5 M cytosine arabinoside (Ara C), and 3 x lo5 cells.were plated in 1 ml of medium/35 mm Contur stvle dish (Lux) coated with ECM unless indicated otherwise. After 3 d,-the cells were'washed twice in basal medium and replenished with 1 ml of supplemented serum-free medium.
Procedure 2: Establishment in serum-free medium. Dissociated sciatic nerve cells were given an additional wash with trypsin inhibitorDNase solution and resuspended in supplemented serum-free medium, and 1 x lo5 cells were plated in 1 ml of medium135 mm dish coated with ECM unless indicated otherwise.
Serum-free medium was changed every 2 d. All cells were cultured in a 10% CO,/90% air atmosphere at 36.5"C in a humidified incubator. At the appropriate time, cultures were processed for immunofluorescence analysis or were trypsinized for cell number determination.
Treatment of the cultures with 1 ml of 0.1% trypsin-O.O4% EDTA (Gibco) in Ca2+-and Mg2+-free PBS at 37°C for 5 min followed by gentle trituration resulted in complete dissociation of the cells, regardless of substrate. This suspension was diluted to 10 ml with isotonic saline and counted on a model ZBI Coulter counter. Cell densities are reported as cell number/35 mm dish and represent the mean of triplicate plates.
Preparation of ECM
Bovine aorta endothelial cells (obtained from Dr. Bert Glaser, The Johns Hopkins Universitv) were maintained in serial culture in DMEM containing 10% FBS. For the preparation of ECM, the cells were plated at a 1:4 split ratio in DMEM containing 10% NU-SERUM (Collaborative Research 5000) and maintained until confluent (-5 d) . ECM was prepared by a method derived from the procedures of Kramer et al. (1980) and Vlodavsky et al. (1982) . The cell monolayers were incubated sequentially for 10 min at 5 mM Tris-HCl, pH 7.5,5 min in 0.2% Nonidet P-40 (vol/vol) 
Serum-free medium
The composition of the serum-free media and the sources of the components are listed in Table 1 . Class I water (Milli Q, Millipore) was used for medium preparation. When MEM, which is formulated with a bicarbonate concentration designed for proper pH maintenance in a 5% CO, atmosphere, was used as the basal medium, the bicarbonate concentration was augmented in order to maintain the proper pH in a 10% CO, atmosphere, At 10% CO,, the pH of the serum-containing and serum-free media was 7.35 + 0.05. Supplemented MEM (S-MEMS was made by adding glucose (to a final concentration of 4500 mg/liter) and bicarbonate (to a final concentration of 3700 mg/liter) to MEM prepared from a 10x final concentration stock (M. A. Bioproducts). The remaining supplements, except vitamin C, were prepared as concentrated stocks that were stored frozen or at 4°C. Appropriate volumes of these stocks were added to the basal medium. Owing to its short halflife (-10 hr) in tissue culture medium (Peterkofsky, 1972) , vitamin C was added daily directly to the dishes of cells.
Immunofluorescence
Ran-l antiserum nroduced. absorbed. and characterized as described (Brockes et al., 1977) was obtained from Dr. M. Raff (University College of London) and was used at a dilution of 1: 100. Monoclonal antibody to Thy 1.1 [New England Nuclear (NEN)] was used at a dilution of 1: 100. Monoclonal anti-2 17c was obtained in the form of hybridoma supematant from Dr. K. L. Fields (Albert Einstein School of Medicine) and was used at a dilution of 1:50. The antibody was produced by Peng et al. (1982) . Monoclonal anti-ASE3 and Ran-2 were obtained from Dr. R. Mirsky in the form of hybridoma supematant and were used at dilutions of 1:5 and 1: 1, respectively. Anti-ASE3 was characterized by Mirsky et al. (1984) and anti-RAN-2 was characterized by Bartlett et al. (198 1) . Monoclonal anti-galactocerebroside was obtained in the form of ascites fluid from Dr. B. Ranscht (Kings College, London) and was used at a dilution of 1:50. The antibody was characterized by Ranscht et al. (1982) . Monoclonal anti-S-100 was obtained in the form of hybridoma supematant from Dr. Y. Gillespie (University of North Carolina, Chapel Hill) and was used at a dilution of 1:2. Fluorescein-conjugated anti-immunoglobulins were obtained from Cappel and used at dilutions of I:20 or 1:40.
Cells were grown on ECM-coated 35 mm dishes and were processed with or without fixation. Cells to be stained with antisera directed against Ran-1, Thy 1.1, 2 17c, and galactocerebroside were fixed in 1% formaldehyde in PBS for 20 min at room temperature; cells to be stained with antisera directed against S-100 were treated in 3.5% formaldehyde in PBS for 20 min at room temperature; cells stained with antisera directed against Ran-2 and A5E3 were treated with 1% paraformaldehyde in PBS at room temperature for 20 min followed by treatment with 5% acetic acid in ethanol for 10 min at -20°C. Small circular areas were delineated on the surface of the dish with Dow Coming highvacuum grease, and the cells in these areas were stained in a 2-step indirect immunofluorescence procedure essentially as described by Raff et al. (1979) .
Serial subculture
Dissociated rat sciatic nerve cells were seeded at 1 x 1 O6 cells per T75 flasks (Coming) coated with ECM in 10 ml of S4. Upon attainment of confluence (-7-9 d) the cells were harvested with 0.1% trypsin 0.02% EDTA in Ca*+-and Mg2+-free PBS and washed with 0.005% trypsin inhibitor in S4, and the fibroblasts were lysed essentially as described by Brockes et al. (1979) . The cells were treated in suspension with a 1: 100 dilution of monoclonal anti-Thy 1.1 (NEN: in MEM plus 1% BSA for 30 min at 4°C washed, and incubated with a 1: 16 dilution of freshly reconstituted rabbit complement (Cappel) in S4 for 5 min at 4°C followed bv 30 min at 37°C. The cells were washed. resuspended in S4, and plated at 5-7 x lo* cells per ECM-coated T75 flask. Cells did not require treatment with antibody and complement upon subsequent passage.
Results
The goal of these studies was to develop a serum-free medium that supports optimal primary Schwann cell proliferation while suppressing fibroblast proliferation. In the course of preliminary studies, we investigated the ability of various basal medium formulations to support the proliferation of purified secondary Schwann cells obtained by the method of Brockes (Brockes et al., 1979) . Optimal proliferation of purified Schwann cells was enhanced in DMEM as compared to that in a 1: 1 mixture of DMEM and Ham's F12 Nutrient Medium (F12) or in F12 alone. This was true whether the cells were grown in serum-containing medium supplemented with cholera toxin or in serum-free medium augmented with N2 supplements (Bottenstein and Sato, 1979) and cholera toxin.
Primary Schwann cell proliferation in serum-free medium The effects of supplements on the proliferation of Schwann cells in serum-free DMEM were assessed in primary cultures. Dissociated sciatic nerve cells were plated on ECM and pretreated with antimitotic agents in the presence of 10% FBS (Procedure 1. Materials and Methods) to reduce the fibroblast contami-' nation to less than 2%. After treatment with antimitotic agents, the medium was changed to various formulations of serum-free mixtures, and fibroblast contamination as assessed by indirect immunofluorescence with the fibroblast marker, anti-Thy 1.1, did not increase above 10%.
Modifications of several serum-free medium formulations developed for rat neural cultures were examined for their ability to support primary Schwann cell proliferation. These formulations included N2 medium developed for neuroblastoma cells (Bottenstein and Sato, 1979) and the serum-free medium developed for primary CNS neurons by Ahmed et al. (1983) . The first serum-free modification, Sl (Table l) , tested for support of primary Schwann cell proliferation consisted of DMEM supplemented with the N2 cocktail plus biotin, which enhances schwannoma cell proliferation in serum-free medium (MichlerStuke and Bottenstein, 1982) , and cholera toxin, a specific Schwann cell mitogen (Raff et al., 1978a) . Sl supported initial Schwann cell proliferation; however, after 5 d, Schwann cell death occurred. Further supplementation of S 1, essentially according to Ahmed's formulation (S2, Table 1) except for the deletion of additional KCl, resulted in increased support of primary cultures maintained for 10 d in serum-free medium (Fig.  1) .
Additional experiments to evaluate the effects of individual components on cell growth resulted in the identification of en- cell number was determined for insulin, cholera toxin, endothelial mitogen, vitamin C, transferrin, and putrescine. Optimal concentrations were found for insulin, cholera toxin, endothelial mitogen, and vitamin C (Fig. 2) . Doses of transfenin up to 25 mg/liter had no effect on cell number, while doses above 25 mgl liter resulted in a decrease in cell number. Although putrescine exhibited only a minor effect on cell number at a dose of 8 mgl liter, it was maintained at this concentration since it is in accord with the concentration found to be optimal for other neural cells (Ahmed et al., 1983) .
Selection against jibroblast proliferation
Having determined some of the supplements that were optimal for growth of Schwann cells, the effects of different basal media were evaluated. Various basal media, optimally supplemented for Schwann cell proliferation, were monitored for their effects on the relative proliferation of fibroblasts and Schwann cells as assessed by morphological criteria in primary cultures plated directly into serum-free medium on a substrate of ECM. After 8 d in serum-free medium, the percentage of cells exhibiting the Schwann cell morphology (small, phase-dark, and bipolar) was determined. This value was then used to obtain the absolute number of Schwann cells and fibroblasts per dish from the total cell number per dish. Neither a low-calcium medium nor MEM with D-valine substituted for L-valine, manipulations that have been successful for the selective growth of keratinocytes (Boyce and Ham, 1983 ) and epithelial cells (Gilbert and Migeon, 1975) , respectively, from fibroblast-contaminated cultures, supported Schwann cell proliferation. D-Valine was toxic not only to fibroblasts, but also to Schwann cells. DMEM and Iscove's modification of DMEM (IMDM) both support fibroblast proliferation. Only MEM sustained Schwann cell growth at the same level as that sustained in DMEM and IMDM, while significantly inhibiting fibroblast proliferation.
These data resulted in the formulation of S4 medium, which consists of the basal medium sities of dissociated sciatic nerve cells established in S4 serum-MEM supplemented with optimal concentrations of growthfree medium or in S-MEM supplemented with 10% FBS and promoting components (Table 1) . 0.01 mg/liter cholera toxin when plated either on ECM or unWe next compared the rate of growth and the saturation denmodified tissue culture plastic (Fig. 3) . Cells grown in the pres- ence of fetal bovine serum exhibited a doubling time of 2 d on both ECM and plastic, and saturation densities of 6 x lo5 and 2.5 x lo5 cells/dish, respectively. Dissociated rat sciatic nerve cells plated on ECM in S4 exhibited a doubling time of 4 d, with no lag in proliferation, and a saturation density of 1.3 x lo5 cells/dish. In contrast, dissociated rat sciatic nerve cells plated on plastic in S4 showed only a decline in cell number after initial attachment. The use of ECM as a substrate, rather than tissue culture plastic, resulted in a 40% increase in seeding efficiency, irrespective of the medium used. Indirect immunofluorescence analysis of these cultures after 10 d in vitro established that approximately 90% of the cells maintained on ECM in S4 were positive for the Ran-1 antigen, a Schwann cell marker (Brockes et al., 1977) , as compared to -25 and -10% Ran-1 -positive cells in cultures maintained in serum on ECM and on plastic, respectively. All Ran-1 -positive cells had the bipolar morphology characteristic of Schwann cells (Fig. 4) . The remaining cells in the serum-free cultures were flat cells that were positive for Thy 1.1, a fibroblast marker (Brockes et al., 1977) . However, at day 10, when the cultures maintained in the presence of serum were near confluence, many of the flat cells with a typical fibroblastic morphology were neither positive for the fibroblastic marker, Thy 1.1, nor for the Schwann cell marker Ran-1. Another fibroblast marker, antifibronectin, is not effective in this system because of the presence of fibronectin in the extracellular matrix. To characterize the cells further, they were examined for the expression of additional antigens by indirect immunofluorescence. These antigens included 2 17c (Fields and Dammerman, 1985) and S-100 (Brockes et al., 1979; Mirsky and Jessen, 1984) , which are specific markers for Schwann cells in sciatic nerve cultures, and galactocerebroside, which is expressed exclusively by the Schwann cells in sciatic nerve cultures, although this expression is dependent on the phenotypic status of these cells both in vitro (Mirsky et al., 1980; Sobue and Pleasure, 1984) ) and in vivo . Further antigens examined were A5E3 and Ran-2, which are expressed by non-myelin-forming Schwann cells and by perineural cells in vivo Mirsky and Jessen, 1984; Mirsky et al., 1985) . The expression of ASE3 and Ran-2 in vitro is also dependent on the phenotypic status of the cells . After 10 d in serum-free culture, the bipolar cells were positive for 2 17c, S-100, and A5E3, although they were negative for galactocerebroside and Ran-2. A small proportion of the flat cells in these cultures were positive for ASE3. In view of the congruence between the Schwann cell markers, it is likely that anti-Ran 1 labels all of the Schwann cells and that the remaining cells are fibroblastic. Furthermore, Morris and Beech (1984) have noted that fibroblasts in cultures of neonatal rat peripheral nervous tissue exhibit considerable variation in the intensity of labeling with anti-Thy 1.1 antiserum and that connective tissue elements of peripheral nerve lose Thy 1.1 expression in vivo as the rat matures.
Serial subculture of Schwann cells in S4 serum-free medium Secondary cultures of at least 99% purity may be established after anti-Thy 1.1 complement-mediated lysis of primary cultures maintained in S4 serum-free medium, as described in Materials and Methods. These secondary Schwann cells continue to proliferate in S4 when maintained on ECM, with no decrease in purity, through at least 4 passages and continue to maintain the bipolar morphology characteristic of primary Schwann cells (Fig. 5) . Primary cultures of rat sciatic nerve maintained past confluence on ECM in S4 serum-free medium show a gradual increase in fibroblast contamination.
Maintenance of Schwann cells on ECM-coated flasks rather than dishes enhances Schwann cell viability in S4 serum-free medium. Primary cultures of Schwann cells in S4 reach a saturation density of -2.8 x lo4 cells/cm2 when maintained in 75 cm2 flasks containing 10 ml of medium, as opposed to 1.6 x lo4 cells/cm2 when maintained in 35 mm dishes containing 1 ml of medium. This increase in cell density is not due to an increase in fibroblasts, as the level of fibroblast contamination is approximately 10% upon confluence under both regimens. In addition, purified Schwann cells show no apparent decrease in viability in serum-free S4 medium when maintained in ECMcoated flasks for as long as 4 weeks without passage; however, when Schwann cells were maintained in a 35 mm dish there was a decrease in viability (Fig. 3) .
The optimal growth of Schwann cells in flasks, rather than in dishes, may be due to the relatively closed environment of the flasks, which may serve to buffer fluctuations in the ambient COZ, and hence the pH of the medium, or to decrease evaporation of water and subsequent shifts in osmolarity. Since medium is changed every 2 d, and the incubator is humidified, the increased pH stability may be the mechanism of advantage.
Discussion
The culture of cells from neonatal dissociated rat sciatic nerve on ECM in S4 serum-free medium allows for the selective growth of Schwann cells to 90% purity after 10 d in vitro. The selection for Schwann cell proliferation and against fibroblast proliferation is mediated by supplementing a less enriched basal medium with components optimized for the support of Schwann cells. The finding that the use of the less enriched basal medium, MEM, rather than the more complex DMEM, as a base for serum-free medium results in the suppression of fibroblast proliferation while supporting Schwann cell proliferation is in agreement with observations of Krieder et al. (198 1, 1982) , who reported the same results using calf serum-supplemented media. Selection against fibroblasts may also be facilitated by the absence of exposure of the cells to the mesenchymal mitogens present in serum. Other components of the serum-free medium that may exert an influence on fibroblast proliferation are vitamin C, cholera toxin, and the endothelial mitogen. Vitamin C is toxic to chick, human, and mouse fibroblasts at concentrations of 10-50 mgliter, and fibroblasts at low densities are especially susceptible to these toxic effects (Peterkofsky and Prather, 1976) . Cholera toxin, at concentrations as low as 1.68 &liter, inhibits DNA synthesis in human fibroblasts (Hollenberg and Cuatrecasas, 1973) . Endothelial mitogen, a commercially available pituitary extract prepared by the method of Maciag et al. (1979) , on the other hand, is a source of fibroblast growth factor (FGF) and has been shown to contain mitogenic activity for mouse 3T3 fibroblasts over the range of 15-l 50 mg liter (Maciag et al., 1982) .
Little is known about how factors that affect Schwann cell proliferation exert their influence. Although insulin is not a Schwann cell mitogen in serum-supplemented (Salzer and Bunge, 1980) or in N2 medium (Moya et al., 1980) it appears to be a stringent requirement for Schwann cell proliferation in response to mitogens in serum-free medium. In addition to cholera toxin and pituitary extract, which are well-established Schwann cell mitogens (Raff et al., 1978b) , vitamin C enhances Schwann cell growth in serum-free medium. Vitamin C is also a required supplement to N2 for the expression of a basal lamina and the elaboration of myelin by Schwann cells cocultured with neurons (Bunge and Bunge, 1983) . It is not known whether vitamin C influences proliferation and differentiation by a common mechanism. Although vitamin C is well known to promote elaboration of mature collagen (Peterkofsky, 1972) , it has also been shown to stimulate the synthesis of noncollagen proteins in smooth muscle cells maintained in serum-free medium and to stimulate the growth of these cells even in the presence of agents that interfere with the formation of mature collagen (Libby and O'Brien, 1983) . Compounds that increase the cellular levels of CAMP have also been shown to exert dual effects on Schwann cells. Dibutyryl CAMP and 8-bromo CAMP are mitogenic for Schwann cells at concentrations of 1 to 5 x 1O-4 M; however, at higher concentrations (1 x 1 Om3 M) these compounds inhibit proliferation and enhance the expression of galactocerebroside (Sobue and Pleasure, 1984) . Although cholera toxin's mitogenic effects appear to be mediated by an increase in cellular CAMP (Raff et al., 1978a) , cholera toxin has not been demonstrated to influence Schwann cell differentiation.
The remaining supplements are essentially those ofthe serumfree medium developed by Ahmed et al. (1983) for the longterm culture of dissociated cells from the rat CNS, with the deletion of additional KC1 and of transfer&. Although transfen-in is usually required for cell culture in serum-free medium, purified astrocytes also exhibit no requirement for transferrin (Morrison and de Vellis, 198 1) .
Several serum-free medium formulations have been reported to support the proliferation of Schwann or Schwannoma cells in culture. Rat Schwann cells multiply in Bottenstein and Sato's N2 medium only in the presence of neurons (Moya et al., 1980) . Other work (Cassel et al., 1982) as well as our own, indicates that Schwann cells are also capable of proliferating in N2 in response to soluble mitogens (cholera toxin, dibutyryl CAMP, and pituitary extract). However, there has been no report of serial propagation of pure Schwann cells in serum-free medium. Serial propagation of rat Schwannoma cells has been accomplished in Michler-Stuke and Bottenstein's G3 medium (1982) . These authors reported that DMEM offered better support for Schwannoma cell proliferation in serum-free medium than either a 1: 1 mixture of DMEM and F12 or F12 alone. We were able to extend this finding to the proliferation of normal purified Schwann cells in serum-free medium. However, in the course of studies preliminary to the work reported here, we found that G3 will not support the growth of normal purified Schwann cells even if supplemented with cholera toxin. G3 medium lacks insulin, which may explain the failure of Schwann cells to proliferate in this medium. G3 medium also lacks fatty acids in complex with albumin, and the additional amino acids and vitamins that we have found to increase the viability of normal Schwann cells. This finding agrees with that of Ahmed et al. (1983) , who reported that these supplements increased the viability of normal CNS neurons. Thus, the ability of S4 medium to support the serial propagation of Schwann cells may be due to the fulfillment of basal metabolic and mitogenic requirements for Schwann cell proliferation.
S4 is not a "defined" medium. The major undefined elements in this system are the ECM substrate, the fatty acid-free BSA, and the pituitary extract, endothelial mitogen, prepared by ICN Biochemicals by the method of Maciag et al. (1979) . This extract is a source of FGF (Esch et al., 1985) . Furthermore, SDS-PAGE analysis of endothelial cell mitogen demonstrated the presence of many bands, including one in the region of 30 kDa (unpublished observations), which corresponds to the molecular weight of the glial growth factor of pituitary described by Brockes et al. (1980b) and Lemke and Brockes (1984) . While glial growth factor is mitogenic for Schwann cells in serum-containing medium, FGF, epidermal growth factor, and NGF are not, nor are a series of anterior and posterior pituitary hormones (Raff et al., 1978a) . Further experiments are planned to determine whether purified glial growth factor and/or endothelial cell growth factor can replace endothelial mitogen in serum-free medium.
Many Schwann cell antigens and their expression in association with developmental changes have been described. Some of these antigens, such as Ran-l, S-100 (Brockes et al., 1979; Mirsky and Jessen, 1984) , and 2 17c (Fields and Dammerman, 1985) , appear to be constitutively expressed. The myelin proteins PO, P, (myelin basic protein), and P, are expressed solely by myelin-forming cells in vivo (Trapp et al., 1979; Brockes et al., 1980a, b) , while non-myelin-forming Schwann cells express Ran-2, A5E3, and glial fibrillary acidic protein in vivo . Recent evidence suggests that the expression of the glycosphingolipid galactocerebroside may correlate not with myelin formation, but rather with the cessation of cell division in vivo . Previous studies have demonstrated that after short periods of culture in serum-containing medium, Schwann cells isolated from neurons fail to express immunohistochemically identifiable galactocerebroside, the myelin proteins, and Ran-2, although they express Ran-1, S-100, 2 17c, and A5E3 (Brockes et al., 1979; Mirsky et al., 1980; Jessen and Mirsky, 1984; Mirsky and Jessen, 1984; Fields and Dammerman, 1985) . Thus, these isolated Schwann cells fail to coexpress the constellation of antigens characteristic not only of myelin-forming but also of non-myelin-forming axon-associated Schwann cells in the mature rat. Furthermore, these Schwann cells are also devoid of a basal lamina and have been shown to resynthesize a basal lamina only in coculture with neurons . In fact, studies by the Bunges' group have suggested that the formation of a basal lamina by the Schwann cell is a prerequisite in the process of Schwann cell differentiation and is necessary for subsequent axonal ensheathment and myelination by Schwann cells (Bunge and Bunge, 1983) . Since Schwann cell differentiation may be dependent upon the formation of a basal lamina, we have supplied isolated Schwann cells grown in serum-free medium with an exogenous basal lamina-like scaffold in the form of the ECM of bovine aorta endothelial cells. We report, however, that cells grown in these conditions also fail to coexpress the constellation of antigens characteristic of mature myelin-forming Schwann cells in situ. While an ECM from endothelial cells is sufficient to maintain the differentiated phenotype of chondrocytes in culture (Kato and Gospodarowicz, 1985) , it is possible that biomatrices prepared from sciatic nerve (Johnson et al., 1982; Reid and Jefferson, 1984) may be more effective.
The ability to grow Schwann cells in a serum-free medium on ECM is a step towards defining the requirements for Schwann cell growth and the maintenance of the differentiated phenotype. Further studies will be directed toward determining how alterations in particular components of the medium affect the expression of differentiation markers. These studies should be aided by a culture system that does not rely upon the use of antimitotic agents to control fibroblast proliferation. Antimitotic agents have deleterious effects even on postmitotic cells, as indicated by the dose-dependent inhibition of neurite extension in cultures of autonomic neurons. Although the deleterious effects of these agents are reversible upon withdrawal of the antimitotic agent (Argiro and Johnson, 198 l) , alternative methods should allow the unambiguous characterization of cellular properties throughout the lifetime of the culture.
